A simple, abbreviated broth dilution test (tube test) utilizing a commercially available medium and inexpensive disposable materials, and which could be performed entirely in room air, was developed and used to test the susceptibility of 100 strains of anaerobic bacteria to clindamycin, chloramphenicol, ampicillin, and tetracycline. Results are reported in categories of susceptibility: susceptible to concentrations surpassed in vivo with usual dosage, susceptible to concentrations surpassed in vivo with high dosage, and resistant to concentrations achievable in vivo. Results are compared to minimal inhibitory concentrations which were determined simultaneously by using a microdilution method in an anaerobic glove box. Twenty strains of Bacteroides fragilis, 10 Antimicrobial susceptibility testing of anaerobic bacteria is usually done by agar or broth dilution methods (16) . Disk diffusion methods (2, 3, 6, 8, 11, 14, 15, 17, 19) , analogous to that described by Bauer et al. (1) for rapidly growing aerobic and facultative bacteria, have also been developed in attempts to simplify and standardize the approach to antimicrobial susceptibility testing of anaerobes. These methods have been limited in their usefulness, however, since a significant percentage of clinical isolates did not grow or grew insufficiently for zones of inhibition to be determined. For those that did grow, extreme variations in growth rates required that separate linear regression plots of minimal inhibitory concentrations (MICs) versus zone diameters be used for different organisms. In addition, there was much greater variation about the regression lines than occurs with aerobic tests, and accurate separation into the categories susceptible, intermediate, and resistant, based on zones of inhibition, was not consistently achieved with statistical validity (7) . 444 A modified broth dilution method, the "broth-disk" method, has been proposed by Wilkins and Thiel (20) , which provides a simple method for testing all anaerobes including slowgrowing and very oxygen-sensitive strains that could not be tested by disk diffusion techniques. A concentration of antibiotic approximately equal to that achievable in blood is put into a tube of broth medium, with commercial filter paper disks as the carrier of the antibiotic. Growth at that concentration is considered to constitute resistance. Ninety-seven percent of the strains tested by Wilkins and Thiel grew sufficiently for readable results, but the method requires the use of a completely anaerobic environment, and there is considerable variation (73 to 148% of the labeled values in their tests) in the actual antibiotic concentrations delivered by the filter paper disks.
A modified broth dilution method has also been proposed by Stalons and Thornsberry (12) , which simplifies the susceptibility testing of anaerobic bacteria. Selected concentrations of antibiotics are used so that results are divided into three categories of susceptibility. Although the method utilizes a commercially available medium, Schaedler broth (BBL, Cockeysville, Md.), and a reduced number of tubes for each susceptibility test performed, it requires the use of an anaerobic glove box or incubation in a GasPak (BBL) system.
The present report deals with'another modified broth dilution method which will be referred to as the "tube test." As in the methods of Wilkins and Thiel (20) The final pH of the media was 7.2. For both tests, heat-inactivated (56 C for 0.5 h) horse serum was added to a final concentration of 1% immediately before the testing of B. melaninogenicus, Fusobacterium, and cocci.
MICs. MICs were determined in an anerobic glove box by a microdilution method (10) . Each of the four antibiotics studied was added to the first two wells of two horizontal rows in the microdilution plate, and serial twofold dilutions were made from the second set of wells. For inoculum preparation, colonies of each test strain were subcultured from 48-h 5% sheep blood agar plates to 5 ml of Schaedler broth and incubated at 35 C in a glove box overnight. For faintly turbid suspensions (optical density approximately 0.1 to 0.3 at 650 nm), a 1:10 dilution was used; for suspensions that were more turbid, a 1:100 dilution was used.
The final inocula ranged from 105 to 107 colony-forming units (CFU) per ml. The final antibiotic concentrations ranged from 50 to 0.05 Ag ml. Plates were sealed with cellophane tape (Cooke Laboratory Products, Alexandria, Va.) to prevent evaporation and were incubated at 35 C in the glove box. The humidity in the incubator was kept at 65 to 75% to further reduce evaporation from the plates. MICs were read at 20 to 22 h (1 day) and 44 to 46 h (2 days) as the lowest concentrations of antibiotics that inhibited visible growth as judged visually with the aid of a test-reading mirror (Cooke Laboratory Products, Alexandria, Va.). When the duplicate tests varied by one concentration, the higher concentration was considered to be the MIC. When they varied by more than one concentration the test was repeated. A strain of B. fragilis with known MICs was tested each day and served as a system control.
Tube test. The tube test was performed simultaneously with the microdilution test for each organism. In room air, the glass tubes were uncapped. One to eight drops (0.05 ml/drop) of antibiotic were added to tubes with the Microdel bottles so that for each organism being tested there was a tube with a high and a low concentration of each of the four antibiotics. The concentrations in the Microdel bottles were calculated so that: 1 and 4 drops of clindamycin (306 jg/ml) resulted in final tube concentrations of 1.6 and 6.2 jg/ml, respectively; 1 and 8 drops of chloramphenicol (306 jg/ml) resulted in final tube concentrations of 1 Tube test. The number of strains in each group of anaerobes that fell into each category of susceptibility for each of the four antibiotics is shown in Table 2 . The results obtained with the microdilution test, by category, are included for comparison. Except for B. melaninogenicus, the results of the 2-day microdilution tests and 1-day tube tests correlated best (Fig. 3) . Oneday tube test results for only 8 (2%) of 360 tests were in categories of susceptibility that indicated MICs differing from the 2-day microdilu,-tion MICs by more than one concentration (Table 3 ). For seven of the eight tests, the 1-day tube test categories indicated greater susceptibility than did the 2-day MICs.
Of the ten strains of B. melaninogenicus, only one grew sufficiently in the tubes to be read by 1 day and only two strains grew sufficiently to be read by 2 days. When the tube tests were (4) as a practical approach to all in vitro susceptibility testing. In the tube test, we selected four antibiotics commonly used for treating anaerobic infections and chose the breakpoints we felt to be most useful. Concentrations of the antibiotics can be varied by changing either the number of drops delivered to each tube or the concentrations in the working solutions, and the test can presumably be performed with other antimicrobial agents.
The ideal duration of incubation for reading susceptibility tests for anaerobic bacteria has never been determined. Because lag phases of growth may be as long as 18 to 24 h (13), a 2-day incubation period has been used to insure adequate time for cultures to become turbid. On the other hand, incubations of 18 to 24 h have been considered preferable because longer incubation has resulted in gradual increases in MICs (20) . Although the microdilution and tube tests use the same medium and inocula, we believe that the optimal duration of incubation for reading results is 2 days for the former and 1 day for the latter.
In the microdilution test, 1-day results were erratic with some strains; 4% of strains did not grow to turbidity, 9% of the MICs for those that did grow were two or more concentrations lower than the 2-day MICs. In a previous study (10) , 8% of strains did not grow by day 1 and 7% of the MICs for those that did grow were two or more concentrations lower than the 2-day MICs. Two-day MICs were reproducible, and unexpectedly high MICs after 2 days of incubation due to breakthrough growth did not seem to occur. Some evaporation from the wells in the microdilution plates occurred despite covering the plates and maintaining high humidity in the incubator, and this presumably resulted in progressive increases in antibiotic concentrations or other unfavorable growth conditions that prevented breakthrough growth with prolonged incubation.
In the tube test, growth after 1 day of incubation was always detected except with B. melaninogenicus strains. Slight turbidity, which might not have been detectable in the microdilution plates where small volumes were used and reading was done through the plastic glove box, could be observed by slowly inverting the tubes, rolling the glass bead, and observing a swirl of organsims. Growth after 2 days of incubation was often easier to read, but 1-day results correlated better with 2-day microdilution MICs. The 2-day tube test results often indicated inappropriate resistance when correlated with 2-day microdilution MICs. The choice of 1-day readings for the tube test was not ideal, however, since seven of the eight results that varied significantly from 2-day microdilution MICs indicated erroneous susceptibility which became apparent after 2 days of incubation and subsequent comparison of results obtained by both tests. In three instances, these errors were considered to be serious since tetracycline-resistant strains of B. fragilis were categorized as susceptible by day 1.
The tube test is a simple, rapid, and inexpensive method that clinical laboratories can use without special media or equipment for antimicrobial susceptibility testing of anaerobes. It is not perfect since there is no infallibly reliable incubation period after which results can be read, and the test needs to be modified for testing B. melaninogenicus strains.
